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ficial Department of the Army position, unless so designated
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INTRODUCTION

Cloud-base height measurements are desirable not only at the larger per-
manent airtvield installations, but also in tactical situations at tempo-
rary or small remote locations requiring air support.

While the current instrumentation is suited for cloud-base height mea-
surement at permanent installations, a portable instrument suited for use
at temporary or remote locations has not been fully developed. The
height wmeasurement can be made by using a bistatic technique. This re-
quires a baseline of several hundred feet and rather precise mechanical
alignment of the system [1, 2]. More recent instrumentation developments
provide a single-ended system [3, 4]. Although they overcome the baseline
and mechanical alignment problems, these units are large and cannot be
battery operated for any extended period of time. The results of testing
single-ended relatively large laser ceilometers with a standard rotating
beam ceilometer were reported by Moroz, Lawrance, and Travers [5]. To
overcome the size and power problem, the authors suggest that it would be
feasible to modify the small, portable, battery-operated AN/GVS-5 laser
range finder to provide cloud-base height measurements.

The chjective of this study was to establish the performance characteris-
tics of the AN/GVS-5 when used as an instrument for measuring cloud-base
height. This objective was accomplished by comparing results obtained
with the results from several conventional cloud-base height instruments,
a rotating beam ceilometer (AN/GMQ-13A), an Tmpulsphysik ceiloskop, and an
ASEA ceilometer. The rotating beam ceilometer and ceiloskop are bistatic
instruments that measure cloud heights by triangulation. Both use
noncoherent 1ight sources. The AN/GVS-5 and the ASEA are monostatic
instruments that measure cloud heights by time lapse from transmitted to
detected signal.

The basic specifications for the AN/GVS-5, as well as the other three
instruments menticned, are listed in Appendix A.

INSTRUMENT DESCRIPTION
AN/GMQ-13A Rotating Beam Cei lometer

The rotating beam ceilometer (RBC) is a widely used instrument at fixed
installations. It consists of transmitter and receiver units separated

by a determined baseline (Fig. 1). The projecting cptics are rotated,
while the receiver field of view is vertical and coplanar with the rota-
ting projectur peam. A cloud in the common volume produces a backscattered
signal which is detected by the receiver. Cloud height is then determined
by triangulation.
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The RBC is limited to use at installations where the necessary baseline
is available and the mechanical alignment can be established and main-
tained. In addition, the transmitter and receiver units are quite bulky,
approximately 700 pounds each.
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Impulsphysik Ceiloskop

The ceiloskop uses a bistatic geometry for the measurement of cloud-

base height. Its baseline is 25 meters. The projector is fixed in a
vertically aimed position and projects a modulated (3 pulses per second)
beam toward the cloud base (Fig. 2). The detector is leveled on its tri-
pod while in the O-degree elevation angle position and while it is aimed
toward the projector. The elevation angle is indicated in the small
window in the carriage of the detector. The detector is then rotated
toward the vertical in a plane containing the baseline until the modulated
beam on the cloud base is detected. A small neon bulb and an audible
pulse indicator are activated when the beam is detected. The angle of
inclination is read and recorded by the operator at this first indication.
The detector aim is then moved to the opposite side of the beam spot and
another angle of inclination is noted. The average of the two angles of
inclination noted on opposite sides of the beam spot is taken as the

angle of inclination to be used in the cloud-base height calculation,

The baseline and angle are then used in the calculation of the cloud-base
height.

ASEA Type QL-1210 Ceilometer

The ceilometer is a Swedish made lidar using a colocated transmitter and
recejver (Fig. 3). Its principle of measurement is the same as the
AN/GVS-5; however, there are some basic differences. Its transmitter is
a 1.3 microjoule per pulse - 2000 pulse per second GaAs diode laser (wave-
length 906 nanometers). This low energy makes the device less hazardous
for the eyes of personnel. Each sampling sequence is automatically
trigerred at 75-second intervals. The actual measurement cycle lasts
only the first 30 seconds of each interval. Its measurement range is

10 to 1000 meters. When the laser is triggered, a signal is simulta-
neously sent to a remotely located chart recorder. This signal starts
the writing pen on the recorde:r moving toward the maximum indicated
heignt on the chart paper (1000 meters). When a reflected signal from
the cioud base is detected, a write signal causes the pen to mark the
chart paper.

<
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Figure 2. Diagram of ceiloskop operation.
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AN/GVS-5 Laser Range Finder

r s 1 e re L

¢ The AN/GVS-5 is a lidar (Fig. 4). 1Its transmitter is a manually pulsed
¢ 20 millijoule per pulse Nd YAG laser (wavelength 1064 nanometers). It
was designea to measure distances to solid targets located from 180
meters to 10 kilometers from the unit by measuring the time duration
from pulse transmission to detection of the reflected energy from the

¥ target. The transmitter and receiver are located in a single unit,

i The unit is hand-held and battery operated. The operator places the

¥ eyepiece to his eye and orients the crosshairs on the target. He then

: presses the laser fire button and reads the distance to the target in

s meters, displayed digitally in the eyepiece. For the measurement of

‘ cloud bases, the observer aimed the AN/GVS-5 as nearly vertical as
possible.

CLOUD-BASE HEIGHT MEASURZMLNTS

Ranging Errors

Before the cloud-base height tests were conducted, the expected ranging
errors were determined by providing a horizontal path for the transmitted
beams and divecting them to a solid target.

Ranging tests were conducted on the AN/GVS-5 laser range finder, the

ASEA ceiiomcter, and the ceiloskop by using an M109-tactical van as a
target (Fig., 5). The van was positioned it measured 152.5-meter intervals
along a straight path to 915 meters. S-v measurements were taken with
each instrument ac each 152.5-meter ir.cervial. These six neasurements

were avaraged at each interval and the percent error between the average
measurement of each instrument and the actual distance was calculated.

The results of the ranging errors are shown in Table 1. Figure 6 shows

a graph of the Impulsphysik ceiloskop, the /N/LVS-5, and the ASEA ceil-
ometer ranging errors,

The large errors obtained for the ceiloskop can be attributed to the fact
that the baseline (25 meters) is small compared to the actual range, and
any error in reading the angle will result in a large measured range
error, The expected ranging error can be obtained from [6]

AR = 25 Sec” o 4 a
where « is the angle between the detector pointing direction and the
baseline. This type of error is inherent in the bistatic technique.

Cloud-Base Height Measurements

Cloud-base heights were measured with the AN/GVS-5, the ceiloskop, the
ASEA ceilometer, and the AN/GMQ-13A at Randolph Air Force Base, San
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TABLE 1
RANGING ERRORS

Y A eI N N e M e e TS D M LR PR O

Average
Actual Measured
: Distance Distance Percent
Instrument (m) (in) Error
AN/GVS-5 304.9 303.3 -0.51
457.3 463.3 1.31
;‘ 609.8 613.3 0.57
; 762.2 763.3 G, 14
¢ 914.6 920.0 0.59
: 2000 2001.7 0.08
) ASEA Ceilometer 155.2 160.1 3.2
q 306.4 305.8 -0.2
: 458.5 460.1 0.3
: 611.0 602.4 -1.4
3 763.1 765.5 0.3
3 916.0 915.2 -0.09
|- Ceiloskop 153.0 152.7 -0.2
3 305.5 307.3 0.6
X 457.9 439.0 -4
) 610.4 596.3 -2.3
762.8 813.7 6.7
915.2 1101.5 20.4
E: Estimated angle of inclination resolution = 0.25 degree,

11
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Antonio, Texas, during November-December 1975. During these months, this
station has a high occurrence of stratus clouds with bases which can be
expected between 60 and 2000 meters in altitude.

Figure 7 is a sketch of the experimental setup geometry used. The ASEA
ceilometer and ceiloskop projector were colocated at the rotating beam
ceilometer detector. The instruments were leveled to provide a vertical
transmitter beam. The AN/GVS-5 operator was approximately 10 meters
from the RBC detector and was ranging verticaily.

The procedure for collecting data from the RBC was to telephone the

Air Weather Service observer on duty and get three readings (taps) from

him on the RBC indicator. These readings were taken in as narrow a time
frame as possible so that all measurements would have little time variation.
Estimated time variation for all measurements was 4 minutes. The three RBC
taps were averaged and that value was taken as the cloud-base height
measurement for that hcur. The procedure for collecting cloud height

data with the AN/GVS-5 was to get three cloud height measurements while
standing 10 meters away from the RBC detector and while aiming the

AN/GVS-5 as nearly vertical as possible. These three measurements were
then averaged to provide the hourly cloud height measurement for the
AN/GVS-5.

The procedure for collecting cloud height data from the ASEA ceilometer
was to choose the lower ends of three marks on the chart recorder as near
to the other hourly readings as possible. These three values were then
averaged to give the hourly cloud height measurement.

The procedure for obtaining cloud height data with the ceiloskop was to
rotate the detector upward along the beam axis of the projector until

the first modulated pulsing was detected from the backscatter of the

cloud base. At this point the angle of inclination was noted and recorded.
Then the detector was rotated farther upward until the modulated pulses
ceased. At that point another angle of inclination was noted and recorded.
Three of these types of readings were taken. The average angle of inclina-
tion for each sweep across the beam spot on the cloud base was calculated.
These three average angles of inclination were then averaged to provide
the angle of inclination used in the calculation of the cloud-base height
for that hour,

The results of cloud height measurements are shown in Figs., 8 through 11,
Figure 8 displays the resultant cloud-base height measurements obtained
over a 28-hour period commencing at 0600 hours 28 November 1975. The
morning hours, 0600 to 1100 hours, were dominated by fog. The results
from the AN/GVS-5, with its minimum range of 180 meters, are not valid
for this time interval. Clearing occurred at approximately 1200 hours;
Tow-level stratus clouds entered the area at 2200 hours and remained
through 1000 hours. During the latter period, the cloud-base height mea-
surements showed the same general trends with the ceiloskop reading

13
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consistently higher than the other instruments. This might have been
due to an inherent error in the instrument caused by the short baseline.

Measured cloud-base heights for 3-5 December 1975 are shown in Fig. 9.
As before, only the readings obtained from the AN/GVS-5 where the cloud
height is above 180 meters are shown. Measured values of cloud-base
heights for 5, 6, 13, 14, and 15 December are shown in Figs. 10 and 11.

Figures 8 through 11 show that the long-term trends for all instruments
are the same. The heights obtained from the ceiloskop deviate rapidly
from the results obtained from the other instruments and show more short-
term variation about the longest trends. This difference could be attrib-
uted to the short baseline of the instrument.

3 The RBC, ASEA ceilometer, and AN/GVS-5 have more similar short-term

: characteristics, There are differences in the measured heights, and

- there does not seem to be a consistent pattern in these differences.

: This inconsistency may be due to spatial differences in equipment loca-
tions, differences in beam geometry, and small differences in sampling
times which could not be avoided.

: To show the similarity of the mea-ured cloud-base heights obtained from
{ the RBC, ASEA ceilometer and AN/GVS-5, the measurements from the various
pairs were cross correlated. These results are presented in Table 2.
The cross-correlated data over the entire data collection period from

28 November to 15 December 1975 are presented in Table 3 and graphically
in Figs. 12 through 14. The appropriate formulas and variable cefini-
tions are given in Appendix B. Correlation data are summarized in Table
4 and Figs. 15, 16, and 17.

Data for the ceiloskop were not used in the scatter plots in the re-
gression analysis. The values associated with the cloud heights obtained
from this instrument seemed to vary more rapidly and were considerably
higher than the heights obtained from other instruments. These differ-
ences were particularly true for ceilings above about 400 meters. Since
the objective of the study was to evaiuate the performance of the
AN/GVS-5 as a cloud-base height indicator, performance of the ceiloskop
was not determined beyond a qualitative analysis.

CONCLUSIONS

Correlation of the AN/GVS-5 with the AN/GMQ-13A rotating beam ceilometer
indicates that it will effectively measure cloud heights above 180 meters.
However, minimun range limitations of the AN/GVS-5 render it ineffective
below 180 meters.

The correlation between the AN/GVS-5 and the ASEA ceilometer is much
higher than the comparison to the rotating beam ceilometer. This indicates
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that the lidar technigue is probably more sensitive to the backscatter
medium than the triangulation method used by the rotating beam ceilometer.

These preliminary comparisons indicate that continued investigation of
the methods to modify the cloud height measurements of the AN/GVS-5 is

warranted.

With proper modifications, this instrument could make effective cloud
height measurements from a mobile posture.
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TABLE 2

e b
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LINEAR REGRESSION AND CORRELATION COEFFICIENTS FOR COMPARISON DATA

28 - 29 November 3 - 4 December . 4 - 5 December
n=13 n =12 n =12 n=7 n =13 n==5o n =4 n= 3
C vs G Rvs C R v 6 C vs G Rvs C R vs G CvsG Rvs C R vs G
4.68 159,63 68.11 73.75 -39.27 -47.71 Only 2 259.05 -402.89
1.01 0.60 0.92 0.90 0.92 1.10 valid 0.30 1.97
0.69 0.35 0.55 0.85 0.91 0.85 comparison 0.78 0.69
0.83 0.59 0.74 0.92 0.95 0.92 points 0.88 0.83
x = 400 X = 435 X =435 x =374 x = 300 x = 300 x = 485 X = 465
445,19 418,74 469.65 412.19 237.91 282,70 389.04 515.39
46.19 56.18 57.18 60.05 39,23 54.51 13.62 86.87
84.27 108.55 110.47 64.53 26.51 88.77 50.61 621.06
0.21 0.26 0.26 0.17 0.09 0.23 0.11 1.32
5 - 6 December 13 Decenber 14 December
n==o n=7 n=9 n=4 n=6 n=2 n=7 n=56 n=7
Cvs G Rvs C R vs G C vs G Rvs C Rvs G Cvs G Ruvs C R vs G
29.52 -39.04 -20.79 90.20 26.04 Only 2 101,30 140.81 294,18
0.97 0.99 0.98 0.93 1.59 valid 0.89 0.67 0.47
0.99 0.98 0.99 0.99 0.63 comparison 0.83 0.68 0.1
0.99 0.99 0.99 0.99 0.79 points 0.91 0.82 0.33
X = 450 x = 550 x = 650 X = 450 x = 450 x = 450 x = 380 x = 380
467.53 504,33 520.44 508.74 739.60 501.03 397.16 473.41
20.01 33.76 22.39 26.54 202.65 33.57 29.64 75.52
17.88 30.15 18.94 47.28 136.30 75.12 87.86 223.87
0.04 0.07 0.04 0.07 0.61 0.18 0.23 0.59
14 - 15 Decenber
n =19 n =18 n=18
Cvs G Rvs € Rvs G
74.59 -27.49 74.92 C = ASCA ceilometer
0.93 0.88 0.76 G = AN/GVS-5
0.90 0.92 0.78 R= RBC
0:95 0:96 0:88 n = Number of valid comparisons
x = 560 x = 630 X = 630
523:23 5§§:22 5;1:2? See Appendix B for explanation of terms.
35.27 34.48 52.31
0.07 0.07 0.10




o g o e RN YDA
; e R T e P e T B L i DA ISV W PE PRI
A e i b e

TABLE 3

TOTAL LINEAR REGRESSION AND CORRELATION COEFFICIENTS FOR COMPARISON DATA
(28 Nov - 15 Dec 75)

GVS-5 vs ASEA GVS-5 vs RBC ASEA vs RBC
n =61 n==63 n=173
m 0.92 0.81 0.91
b -8.77 68.17 61.75
S; 159,92 129,58 157.71
S& 170.54 132.74 161.65
rxy 0.91 0.77 0.89
r 0.89 0.60 0.80
S;y 24,939.11 13,165.23 22,706.22
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TABLE 4

PERCENTAGE OF TOTAL DATA GROUP COMPARISONS IN WHICH
THE CORRELATION COEFFICIENT WAS ABOVE THE INDICATED VALUE

ASEA Ceilometer RBC RBC
Vs Vs Vs
Correlation AN/GVS-5 ASEA Ceilometer AN/GVS-5
Coefficient (n_ = 56)(%) {n = 66)(%) {n_= 55)(%)
0.90 83.3 42.9 33.3
0.80 16.7 28.6 33.3
0.70 - 14,3 16.7
0.60 - - -
0.50 - 14.2 -
0.40 - - -
0.30 - - 16.7

26
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APPENDIX A
EQUIPMENT SPECIF1CATIONS

AN/GMQ-13A Rotating Beam Ceilometer

1. Source - incandescent sealed beam lamps

2. Source modulation frequency - 120 hertz

3. Detector - silicone avalanche photodiode

4, Baseline - 152 meters

5. Beam rotation rate 3 second per 180 degrees

6. Baseline check duration 3 seconds

7. Measurement accuracy - 20 percent error at 10 times the baseline

8. Power requirements - 117 volts alternatina current, 1 kilowatt

AN/GVS-5 Laser Rangefinder
1. Source - 20 millijoule per pulse, Md YAG laser, manually pulsed,
wavelength 1064 nanometers, pulsewidth 7 nanoseconds, beam divergence
4 milliradians, heam exit diameter = 7 millimeters
2. Detector - silicone avalanche photodiode, 1508 bandwidth optical
filter, divergence 1 milliradian
31 Maximum firing rate - 6 per minute
4. Range 180 meters to 10 kilometers, range qate in 10-meter intervals
.

5. Power requirements - 28 volts direct current battery type BB-516 ()/U

(fully charged battery will be adequate for 200 to 500 rangings)




ASEA (::'lometer
1. Source - 25 watt per pulse GaAs diode array laser. Wavelength 906.0
nanometers, pulse repetition frequency 2 kilohertz, pulsewidth 50 nano-
seconds, beam divergence 2 milliradians
2. Detector - silicone avalanche photodiode. Band-pass filter width
12.0 nanometers, field of view divergence 2 milliradians.
3. Measurement range 10 to 1000 meters, range qate in 5-meter intervals.
4, Power requirements - 115 volts, 60 hertz, 330 watts for the trans-
ceiver unit; 115 volts, 60 hertz, 15 watts for the recorder.
5. Measurement interval 75 seconds,

6. Measurement duration 30 seconds.

Impulsphysik Ceiloskop
1. Source - xenon flash lamp, flash rate 3 per second emergent beam
diameter = 24 centimeters, beam divergence = 3.68 degrees.
2. Detector - silicone avalanche photodiode
3. Power requirements - 12 volts direct current battery, automatic
deactivate on detector and electronics after 90 to 105 seconds running

time. Approximately 30 hours continuous operation on a fully charged

battery pack.




APPFMNTX R

CALCULATIONS OF LINEAR REGRESSION AN
CORRELATION COEFFICIENTS FOR CAMPARTSON NATA

Sums for Two Variables to fit a strainht line

v = a0 + a,x for a set of data nnints

1, 2, ===, n}

{(xi,yi),i
where n > 2

regression coefficients a,s 35

r? is the proportion of variation about the mean v exnlained by the reqres-
sion where N < r? < 15 and if r” = 1, the reqression line fits perfectly,

Correlation Coefficient

33

v i}




The estimated value & on the regression line for any given x is

~ = +
y=a,t ax

The standard error of estimate of y on x is

1
2

n-2

The standard error of the regression coefficient a, is

The standard error of the regression coefficient ay is

S
_ ¥ X
5

- S

1

<
2

For n comparisons of x and y;

By
Slope (m) = 7———
pe (m) = 57 T

n

34




Intercept (b)

Coefficient of determination:

n
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ERRATA SHEET FOR ECOM REPORT 5812
APPLICATION OF THE AN/GVS-5 LASER

RANGEFINDER TO CLOUD BASE HEIGHT MEASUREMENTS

Make the following changes:

Page 33, APPENDIX B

/%7)"’4@3?0/3

Line 2 - Substitute y = a; + a,x in lieu of v = a; + a,x
Line 5 - Substitute a, in lieu of a,
Line 6 - Substitute a, in lieu of a,

Line 7 - change

: 4. = i74 n
9 1 \ (Exi)z
i~ L x4
; ! n
92 to read
bt
b T XY IXg LY
74 .
a =
: (z x;)?
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